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ABSTRACT 
 
We have developed a new photoacoustic endoscopic probe specifically designed for human urogenital imaging. The 
endoscopic probe uses a parabolic mirror-based mechanical scanning mechanism, providing an angular field of view of 
270°. And it has a rigid, dome shaped end section for smooth cavity introduction. Here we introduce the new 
endoscope’s design and imaging principle, and present experimental results validating its in vivo imaging ability. 
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1. INTRODUCTION 
 
Cancer is an emerging public health problem as people live longer and the population increases. As strategies to this 
problem, early detection and monitoring during therapy are important parts of cancer control. Considering the high false 
negative rate of current cervical cancer screening, new cost-effective and more reliable diagnostic methods are 
necessary to complement current screening methods. For imaging tumors in deep-seated organs, developments of 
tomographic endoscopic techniques are important because such techniques can provide direct visions of tumors and 
facilitate accurate diagnosis. Although traditional endoscopic ultrasound technique is widely used for human urogenital 
imaging, they do not sufficiently provide important pathophysiological information.  
 
Now, photoacoustic endoscopy (PAE)1-4 embodying photoacoustic tomography (PAT)5, 6 in a small probe is emerging 
as a new, minimally invasive imaging tool for diagnosing diseases in internal organs, such as gastrointestinal tracts1, 3, 4, 
7 and urogenital systems8-11. Many neoplasms are associated with angiogenesis and show abnormal metabolic rates12. 
Based on the strong spectroscopic, functional, and angiographic imaging capability of PAT5, 6, 12-15, PAE can be used for 
diagnosing many urogenital system diseases such as endometrial cancer and prostate cancer. In this study, we have 
developed a new photoacoustic endoscopic probe for targeting such applications and demonstrated its in vivo imaging 
ability through an animal experiment. 
 
 
2. MATERIALS AND METHODS 
2.1. Photoacoustic endoscopic system 
The endoscopic probe is constructed with a rigid form for operator’s more convenient handling during diagnostic 
procedures, and the probe body has a streamlined structure with a dome shaped distal end for smooth cavity 
introduction. Figure 1(a) shows a schematic of the endoscope. In the distal section, all optical and mechanical 
components are encapsulated in a medical-grade stainless steel tubular housing with an outer diameter of ~12.7 mm and 
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~50 cm in length. The endoscope employs a parabolic shape scanning mirror actuated by a stepper motor located at the 
proximal end and performs a side scan, providing an angular field of view of ~270°. This parabolic mirror was custom-
made, and it enables the acoustic focusing with a lower geometric aberration than our previous acoustic lens-based 
focusing methods2. The endoscope is comprised of the dome shape tubular stainless steel housing that encapsulates all 
elements, and a central tube that is statically located along axis of the endoscope and includes an optical fiber for light 
delivery, and a tubular rigid shaft that rotates between the two receiving the torque from the stepper motor. 
 
 
 
Figure 1. (a) Schematic of the endoscopic probe. (b) A diagram showing the entire endoscopic system. The 
stepper motor, laser system, and DAQ card are synchronized to the transistor-transistor logic (TTL) signals 
provided by the function generator. 
Laser pulses exiting the optical fiber are reflected by an optical prism and then sent to the target tissue to generate PA 
signals. Some of the generated photoacoustic (PA) waves are then collected by the parabolic mirror, reflected, and 
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Figure 3. PA B-scan images acquired from a rat abdomen.  
 
 
4. DISCUSSION 
 
We have implemented a new PA endoscope with a design specifically targeted for human urogenital imaging 
application and validated the endoscope’s imaging ability through a phantom and animal experiment. The endoscope is 
fully-encapsulated and it has a streamlined structure with a dome shaped distal end for smooth cavity introduction. Also, 
in forming the endoscope’s housing, we utilized medical-grade stainless steels to comply with the material safety 
requirement. By coaxially aligning the optical illumination and the acoustic detection, we could achieve a more efficient 
overlapping of the two over a large radial range. 
 
In contrast to our previous endoscopes that use micromotors, this endoscope adopts a proximal actuation mechanism; 
thereby the distal section’s length could be shortened and the mechanical B-scan frame rate would potentially reach up 
to 30 Hz, although the current imaging speed (~1 Hz) is limited by the capacities of the employed DAQ card and laser 
system. Our next direction is to improve the DAQ part and to combine the endoscope with a compact laser system for 
use in clinical rooms. Also, we will enable volumetric imaging by adding a pullback scanning to the B-scan mechanism 
and also enable PA and US dual-mode imaging. 
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